Copper(II) compounds {CuCA(phz)(H 2 O) 2 } n (H 2 CA = chloranilic acid, phz = phenazine) having a layer structure of -CuCA(H 2 O) 2 -polymer chains and phenazine was studied by 35 Cl nuclear quadrupole resonance (NQR). The single NQR line observed at 35.635 MHz at 261.5 K increased to 35.918 MHz at 4.2 K. The degree of reduction of electric field gradient due to lattice vibrations was similar to that of chloranilic acid crystal. Temperature dependence of spin-lattice relaxation time, T 1 , of the 35 Cl NQR signal below 20 K, between 20 and 210 K, and above 210 K, was explained by 1) a decrease of effective electron-spin density caused by antiferromagnetic interaction, 2) a magnetic interaction between Cl nuclear-spin and electron-spins on paramagnetic Cu(II) ions, and 3) an increasing contribution from reorientation of ligand molecules, respectively. The electron spin-exchange parameter |J| between the neighboring Cu(II) electrons was estimated to be 0.33 cm −1 from the T 1 value of the range 20−210 K. Comparing this value with that of J = −1.84 cm −1 estimated from the magnetic susceptibility, it is suggested that the magnetic dipolar coupling with the electron spins on Cu(II) ions must be the principal mechanism for the 35 Cl NQR spin-lattice relaxation of {CuCA(phz)(H 2 O) 2 } n but a delocalization of electron spin over the chloranilate ligand have to be taken into account.
Introduction
Metal-complex-assembled compounds consisting of transition metals and coordinated cross-linking organic molecules can construct unique structures and realize interesting properties, such as conductivity, magnetism and optical character [1] [2] [3] [4] . [9] . At higher temperatures, effects of molecular motions of nearby molecules and the molecules containing the resonant nucleus itself could be observed in the temperature dependence of T 1 of the above compounds [7] [8] [9] .
It is expected that both the molecular dynamics of CA and electron spin flip-flops of Cu(II) can be investigated by the 35 
Results and Discussion

NQR frequency, T 1, and T 2
The sample showed only one 35 Cl NQR frequency at each temperature studied.
The resonance frequency was 35.918 MHz at 4.2 K and decreased with increasing temperature to 35.635 MHz at 261.5 K (Fig. 2) . The decrease is explainable by the following Bayer's equation [10, 11] which takes into account the effect of a single rotational lattice vibration: and I l and ν l are the moment of inertia of an atomic group around a rotational axis and the frequency of the libration, respectively. The fitted line and the parameters are shown in Fig. 2 and Table 1 . The slope, −1.60 kHz K −1 , of the fitted line in 150 − 262 K is similar to that of −1.62 kHz K −1 observed in the temperature dependence of 35 Cl NQR frequency of chloranilic acid crystal in the corresponding temperature range [12] .
This means that the amplitude of molecular libration is comparable even in the coordination polymer with that in the molecular crystal.
The extrapolated frequency The origin of the temperature dependence of T 1 below 20 K may be a decrease of effective electron-spin density with decreasing temperature caused by antiferromagnetic interaction, which has been indicated from the temperature dependence of magnetic susceptibility [5] . The rate of spin-lattice relaxation is proportional to χT :
On the other hand, the decrease of T 1 above 210 K may be due to the contribution from small angle reorientation of ligand molecules. When the NQR relaxation is governed by molecular reorientation, T 1 is proportional to the motional correlation time τ re ascribed as follows:
Here, τ re was assumed to be expressed by the Arrhenius equation. E a and τ 0 denote the activation energy and the correlation time in the limit of infinite temperature. The temperature dependence of T 1 was explainable by the following equation, which accounts the contributions from small angle reorientation of ligand molecules as well as the magnetic coupling with the paramagnetic Cu(II) ions, with A = 49 emu -1 ⋅mol⋅K -1 ⋅s -1 , B = 9.5×10 -7 s -1 , E a = 25 kJ⋅mol -1 and χT in the reference [5] (Fig. 3 solid line) .
Estimation of |J| value from T 1
The constant T 1 in the range 20−210 K is considered to be dominated by an magnetic interaction between Cl nuclear-spin and electron-spins on paramagnetic Cu(II) ions. The following expression can be obtained for T 1 originating from the dipolar coupling with paramagnetic ions having angular momentum quantum number S [8, 9] : 
Here, γ e and γ N are the gyromagnetic ratio of the electron and nucleus, respectively.
ω Q is the angular NQR frequency, τ e is the electron spin correlation time, and the geometrical factor Λ is given by
Here, ( ) 
Here, r i is the distance between the resonant nuclear spin and the i th electron spin, and θ i is the angle between the z axis of EFG at the resonant nucleus and the distance vector 
The contribution of the temperature-dependent term
can be assumed to be negligible in the temperature range in question since the T 1 of {CuCA(phz)(H 2 O) 2 } n is constant between 20 K and 210 K (Fig. 3 ), so that τ e can be assumed to be equal to τ f .
The spin-exchange angular frequency has been derived by Moriya [14] as ( ) 
considering the nearest-neighbor isotropic exchange interaction :
Here, z is the number of nearest neighbors of the electron-spin. The exchange parameter J can be evaluated as follows assuming the equation
Thus the electron spin correlation time τ e and then the spin-exchange parameter J between the neighboring Cu(II) electrons can be related with the T 1 value by use of eqs. by using the Heisenberg linear chain theory [5] . The presently derived value of |J| is significantly smaller than the reported one although the magnitude can be regarded as almost the same order. It may be concluded that the principal mechanism for 35 Cl NQR spin-lattice relaxation of {CuCA(phz)(H 2 O) 2 } n is the magnetic dipolar coupling with the electron spins localized on Cu(II) ions. However, the localized dipole model seems not to be enough to describe the nuclear-electron interaction that is effective in the nuclear relaxation. Since the chloranilate ligand has the double O-C-C-C-O π system [16, 17] , a delocalization of electron spin over the chloranilate ligand will have to be taken into account. The delocalization will result in an increase of the nuclear-electron magnetic coupling and a smaller τ e , which corresponds to a larger |J| value, will be derived from the T 1 value by use of (13) .
Conclusion
Comparison of temperature coefficient of 35 Solid line is the least-square fit by Bayer's equation [10, 11] . 
